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ABSTRACT 

 

Using eyes as an input modality for different control environments is a great area of 

interest for enhancing the bandwidth of human machine interaction and providing 

interaction functions when the use of hands is not possible. Interface design 

requirements in such implementations are quite different from conventional application 

areas. Both command-execution and feedback observation tasks may be performed by 

human eyes simultaneously. In order to control the motion of a mobile robot by operator 

gaze interaction, gaze contingent regions in the operator interface are used to execute 

robot movement commands, with different screen areas controlling specific directions. 

I have developed of adaptive vision attentive robot eye for a service robot.  

 

In this project a methodical approach has been followed to the design and develop an 

interactive robotic eye for adapting robot attention to user command request about the 

distance of an object based on the visual attention of the robot. In a human robot 

interaction, the humans may use command request, which focus or search object a 

feedback whether the movement is “near”, “middle”, and “far”. The actual quantitative 

meaning of those terms depends on spatial arrangement of the domestic environment 

where the attention is focused on. Therefore, spatial information of the environment is 

analyzed to adapt robot’s perception about the distance of an object, which is in its 

vision field. The process includes the mechanical and electrical designs, in the design 

process close attention has been paid to the human bio-mechanics to realize a design 

that reaches anthropomorphism to a closer degree. 

 

The proposed method is capable to mimics key visual functions of the human brain 

promises to robot eye maneuver quickly and safely through adaptive vision field 

through the domestic environments. The motion of changing adaptive vision field 

which used a focus or search objects in domestic environment more human-like manner 

using depth map analysis. Also the proposed robotic eye is designed in such a way that 

it can be used as a platform for facilitating further developments in integrating more 

interactive features to robotic eye. 



vi 
 

ACKNOWLEDGEMENT 

 

Though the work in this dissertation is my own, many people have been involved in its 

creation both directly and indirectly, and these are the people I would like to express 

my thanks to.  

 

First of all, I want to express my gratitude to my supervisor Dr. Buddhika Jayasekara 

for believing in this project as much as I have, and for supporting the process with 

guidance and insights I could not have been without.  

 

I would like to extend our thanks to the Industrial Automation program coordinator Dr. 

D.P Chandima. My deep sense of appreciation goes to the academic staff of the 

department of Electrical Engineering, University of Moratuwa, for the invaluable 

advices and guidance. 

 

Lastly we thank all the individuals who assisted us in making this endeavor a success. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



vii 
 

LIST OF FIGURES 

 

Figure 1.1: Robots currently developed in the world     2 

Figure 1.2: Service robots currently developed in the world    4 

Figure 1.3: Applications of robot eye       5 

Figure 2.1: Bio-mechanical models of the eye muscles    19 

Figure 2.2: Corresponding eye orientations in CAD     21 

Figure 2.3: Configuration of eye mechanism      22 

Figure 2.4: Vision camera        25 

Figure 2.5: Dimension for structural links of robot eye mechanism   26 

Figure 3.1: Electrical and control system overview     28 

Figure 3.2: Arduino UNO microcontroller board     30 

Figure 4.1: Adaptive robot attention control module     36 

Figure 4.2: The adaptive field of view of the robot eye in a domestic scenario 37 

Figure 4.3: The adaptive field of view of the human eye in a domestic scenario 39 

Figure 4.4: Object focusing/tracking algorithm     40 

Figure 4.5: Tracking objects in domestic environment    41 

Figure 4.6: Searching objects in domestic environment    42 

Figure 4.7: Implementation process of improve CAMShift algorithm  47 

Figure 4.8: Object tracking system in video      48 

Figure 4.9: Feature extraction system in video     50 



viii 
 

Figure 4.10: Searching objects with more human-like manner in domestic environment

           51 

Figure 4.11: Object searching system in video     52 

Figure 4.12: Searching objects in domestic scenarios with robot eye movements 53 

Figure 4.13: Object searching algorithm      55 

Figure 4.14: Coordinate frames relative to the distance mapping   56 

Figure 4.15: Distance mapping algorithm      57 

Figure 4.16: Human-like reaction when searching object    59 

Figure 5.1: Final robot eye design       60 

Figure 5.2 (a): Results obtained for focusing mode to the bottle in domestic 

environment (𝑇 = 0𝑠)         61 

Figure 5.2 (b): Results obtained for focusing mode to the bottle in domestic 

environment (𝑇 = 10𝑠)        61 

Figure 5.2 (c): Results obtained for focusing mode to the bottle in domestic 

environment (𝑇 = 20𝑠)        62 

Figure 5.2 (d): Results obtained for focusing mode to the bottle in domestic 

environment (𝑇 = 30𝑠)        62 

Figure 5.2 (e): Results obtained for focusing mode to the bottle in domestic 

environment (𝑇 = 40𝑠)        63 

Figure 5.2 (f): Results obtained for focusing mode to the bottle in domestic environment 

(𝑇 = 50𝑠)          63 

Figure 5.3 (a): Results obtained for focusing mode to the bottle in environmental view 

of domestic environment (𝑇 = 0𝑠)       64 



ix 
 

Figure 5.3 (b): Results obtained for focusing mode to the bottle in environmental view 

of domestic environment (𝑇 = 10𝑠)       64 

Figure 5.3 (c): Results obtained for focusing mode to the bottle in environmental view 

of domestic environment (𝑇 = 20𝑠)       65 

Figure 5.3 (d): Results obtained for focusing mode to the bottle in environmental view 

of domestic environment (𝑇 = 30𝑠)       65 

Figure 5.3 (e): Results obtained for focusing mode to the bottle in environmental view 

of domestic environment (𝑇 = 40𝑠)       66 

Figure 5.3 (f): Results obtained for focusing mode to the bottle in environmental view 

of domestic environment (𝑇 = 50𝑠)       66 

Figure 5.4: Joint angle movements of focusing to bottle    68 

Figure 5.5 (a): Results obtained for focusing mode to the calendar in domestic 

environment (𝑇 = 0𝑠)         69 

Figure 5.5 (b): Results obtained for focusing mode to the calendar in domestic 

environment (𝑇 = 10𝑠)        69 

Figure 5.5 (c): Results obtained for focusing mode to the calendar in domestic 

environment (𝑇 = 20𝑠)        70 

Figure 5.5 (d): Results obtained for focusing mode to the calendar in domestic 

environment (𝑇 = 30𝑠)        70 

Figure 5.5 (e): Results obtained for focusing mode to the calendar in domestic 

environment (𝑇 = 40𝑠)        70 

Figure 5.5 (f): Results obtained for focusing mode to the calendar in domestic 

environment (𝑇 = 50𝑠)        71 

Figure 5.6 (a): Results obtained for focusing mode to the calendar in environmental 

view of domestic environment (𝑇 = 0𝑠)      71 



x 
 

Figure 5.6 (b): Results obtained for focusing mode to the calendar in environmental 

view of domestic environment (𝑇 = 10𝑠)      72 

Figure 5.6 (c): Results obtained for focusing mode to the calendar in environmental 

view of domestic environment (𝑇 = 20𝑠)      72 

Figure 5.6 (d): Results obtained for focusing mode to the calendar in environmental 

view of domestic environment (𝑇 = 30𝑠)      73 

Figure 5.6 (e): Results obtained for focusing mode to the calendar in environmental 

view of domestic environment (𝑇 = 40𝑠)      73 

Figure 5.6 (f): Results obtained for focusing mode to the calendar in environmental 

view of domestic environment (𝑇 = 50𝑠)      74 

Figure 5.7: Joint angle movements of focusing to calendar    75 

Figure 5.8: Object searching environment in domestic scenario   76 

Figure 5.9 (a): Results obtained for searching mode web camera view in domestic 

environment (initially focus to ball)       77 

Figure 5.9 (b): Results obtained for searching mode web camera view in domestic 

environment (searching movement – “near”)     77 

Figure 5.9 (c): Results obtained for searching mode web camera view in domestic 

environment (searching movement – “middle”)     78 

Figure 5.9 (d): Results obtained for searching mode web camera view in domestic 

environment (searching movement – “far”)      78 

Figure 5.10 (a): Results obtained for searching mode environmental view in domestic 

environment (initially focus to ball)       79 

Figure 5.10 (b): Results obtained for searching mode environmental view in domestic 

environment (searching movement – “near”)     79 



xi 
 

Figure 5.10 (c): Results obtained for searching mode environmental view in domestic 

environment (searching movement – “middle”)     80 

Figure 5.10 (d): Results obtained for searching mode environmental view in domestic 

environment (searching movement – “far”)      80 

Figure 5.11 (a): Results obtained for searching mode web camera view in domestic 

environment (initially focus to blue box)      81 

Figure 5.11 (b): Results obtained for searching mode web camera view in domestic 

environment (searching movement – “near”)     81 

Figure 5.11 (c): Results obtained for searching mode web camera view in domestic 

environment (searching movement – “middle”)     82 

Figure 5.11 (d): Results obtained for searching mode web camera view in domestic 

environment (searching movement – “far”)      82 

Figure 5.12 (a): Results obtained for searching mode environmental view in domestic 

environment (initially focus to blue box)      83 

Figure 5.12 (b): Results obtained for searching mode environmental view in domestic 

environment (searching movement – “near”)     83 

Figure 5.12 (c): Results obtained for searching mode environmental view in domestic 

environment (searching movement – “middle”)     84 

Figure 5.12 (d): Results obtained for searching mode environmental view in domestic 

environment (searching movement – “far”)      84 



xii 
 

LIST OF TABLES 

 

Table 2.1: Eye muscles action       20 

Table 2.2: Selected specifications for robot eye movement    21 

Table 2.3: Pan-tilt motor specification      24 

Table 3.1: Comparison between OpenCV and MATLAB    31 

Table 3.2: Comparison features of programing languages    33 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xiii 
 

ABBREVATIONS 

 

ASIMO   Advanced Step in Innovative Mobility 

GPS    Global Positioning System 

ARM    Adaptive Resolution Method 

DOF    Degree of Freedom 

EOM    Extraocular Muscles 

CAD    Computer Aided Design 

CMOS    Complementary Metal Oxide Semiconductor 

DC    Direct Current 

PC    Personal Computer 

IC    Integrated Circuit 

PWM    Pulse Width Modulation 

USB    Universal Serial Bus 

OpenCV   Open source Computer Vision 

CAMShift   Continuously Adaptive Mean Shift  

HSV    Hue Saturation Value 

ROI    Region of Interest 


